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Abstrat
We present preditions for avour-violating harged-lepton deays indued by the seesaw
mehanism implemented within the onstrained minimal supersymmetri standard model
(CMSSM) with universal input soft supersymmetry breaking terms. We assume that one
heavy singlet neutrino almost deouples from the see-saw mehanism, as suggested by
the pattern of light neutrino masses and mixing angles. This is suggested independently
by sneutrino ination with a low reheating temperature, TRH <∼ 107GeV, so as to avoid
overproduing gravitinos. This requirement further xes the mass of the weakly-oupled
sneutrino, whose deays may lead to leptogenesis. We nd that BR(µ → eγ) >∼ 10−13
but BR(τ → µγ) <∼ 10−9 in the bulk of the aeptable parameter spae, apart from a
few isolated points. The ratio BR(µ → eγ)/BR(τ → eγ) depends on only one omplex
parameter, and is partiularly interesting to ompare with experiment.
1 Introdution
The observation of neutrino mixing [1℄ has led many authors to onsider the possibility
of avour violation and CP violation in the harged-lepton setor [2℄. The most predi-
tive framework for suh studies is the seesaw model for neutrino masses [3℄ implemented
within the minimal supersymmetri extension of the Standard Model, onstrained to have
universal soft supersymmetry breaking terms at some input renormalization sale hara-
teristi of grand uniation (CMSSM). This framework allows one to explore the possible
links between lepton-avour violation (LFV), neutrino osillations and leptogenesis [4, 5℄,
assuming the osmologial baryon asymmetry to have originated from CP-violating deays
of heavy singlet neutrinos and their supersymmetri partners.
Even the minimal three-generation seesaw model ontains 18 free parameters [6, 7℄, in
addition to those desribing supersymmetry breaking. Four ombinations of these seesaw
parameters have been determined by neutrino-osillation experiments, two mixing angles
and two mass-squared dierenes. More of the seesaw parameters may be determined
by low-energy neutrino experiments, but not all of them, and speially not all those
ontrolling leptogenesis [8, 9, 10, 11, 12℄. Under these irumstanes, supplementary
hypotheses are needed if one is to make unambiguous preditions for LFV, leptoni CP
violation and leptogenesis. Fortunately, one an nd good physial motivation for ertain
simplifying assumptions. The observed hierarhy of dierenes in neutrino masses-squared
an be interpreted as a hierarhy in the masses themselves. Suh a pattern of the ative
neutrino masses together with the measured nearly bi-maximal neutrino mixing would
be naturally explained if one of the heavy singlet neutrinos is almost deoupled from
the seesaw mehanism [13, 14℄. As we analyze in this paper, this deoupling hypothesis
imposes important onstraints on the seesaw parameters, and hene leads to interesting
preditions for LFV proesses.
The deoupling hypothesis is supported by the suggestion that the salar eld supposed
to be responsible for ination, the inaton, is one of the heavy singlet sneutrinos [15℄.
Requiring a low reheating temperature, TRH <∼ 107 GeV after ination, in order to solve
the osmologial gravitino problem [16℄, fores the inaton sneutrino to ouple very weakly
to ordinary matter and its superpartner almost to deouple from the seesaw mehanism. In
order to explain simultaneously the duration of the inationary epoh responsible for the
large-sale strutures observed in the Universe and the magnitudes of the perturbations
observed in the osmi mirowave bakground, the mass of this sneutrino should be around
2 × 1013 GeV [17℄. This is well inside the range thought plausible in the seesaw model.
Also, as disussed elsewhere, sneutrino ination makes preditions for osmi mirowave
bakground (CMB) observables, suh as the salar spetral index and the ratio of tensor
to salar perturbations [17℄, whih are onsistent with data on the CMB and osmologial
struture formation [18℄.
It is striking that, on the one hand, naturalness arguments for models of neutrino
masses and mixings and, on the other hand, the hypothesis of the sneutrino ination,
both motivate independently a similar pattern in the seesaw mehanism.
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The senario with the heaviest right-hiral neutrino deoupled is a natural possibility.
However, a hierarhy of the heavy singlet neutrino masses ould be ompensated by
some hierarhy in the neutrino Yukawa ouplings, and it is interesting to onsider also
the deoupling of one of the lighter neutrinos. In fat, deoupling of the lightest singlet
neutrino was onsidered in the sneutrino ination model of [17℄, but one may also onsider
ination driven by one of the heavier sneutrinos, if it is deoupled. The purpose of this
paper is to outline the dierent senarios for deoupling one of the heavy singlet neutrinos,
and explore in some detail the LFV signature of some spei examples.
We disuss our dierent deoupling assumptions for the neutrino Yukawa ouplings in
Setion 2, and explore their various preditions for LFV deays in Setion 3. For eah ase
we also disuss the possible leptogenesis, whih is neessarily nonthermal in the sneutrino
ination models with low reheating temperature, with the CP asymmetry generated in
the deays of the inaton [19℄. As we disuss in Setion 3, the details of this mehanism
depend on whih neutrino plays the role of the inaton.
The main result of our investigations is that the deoupling hypothesis leads to rela-
tively rigid preditions for the branhing ratios BR(ℓi → ℓjγ). For most of the aeptable
parameter range, we predit BR(µ → eγ) >∼ 10−13, within the reah of the experiment
now underway at PSI. However, for generi models with BR(µ → eγ) below the present
experimental upper limit, we nd that BR(τ → µγ) < 10−9, apart from very partiular
parameter points, whih may be of speial theoretial interest. Only in these ases might
BR(τ → µγ) be within the reah of present experiments at B fatories and the LHC.
The ratios BR(ℓi → ℓjγ)/BR(ℓk → ℓmγ) depend, within our assumptions, on only one
unknown omplex parameter that appears in the neutrino Yukawa ouplings. If possi-
ble, a measurement of BR(τ → µγ)/BR(µ→ eγ) would provide partiularly interesting
information on omplex struture in the seesaw model.
2 Deoupling Assumptions for Yukawa Couplings
In the seesaw mehanism the observed neutrino masses and mixing are determined by the
neutrino Yukawa ouplings Y
AB
ν and the mass matrixMR of the heavy singlet neutrinos.
The mass matrix of the light left-hiral neutrinos is given by:
(mν)AB = 〈H〉2CAB (1)
where 〈H〉 is the eletroweak symmetry breaking vauum expetation value of the relevant
Higgs doublet and the omplex symmetri matrixC is the oeient of the dimension-ve
operator Leff = −CAB(LAH)(LBH)/2 resulting from integrating out heavy right-hiral
neutrinos [3℄. The matrix C, whih an be diagonalized by a unitary matrix U
T
νCUν =
diag(c2
1
, c2
2
, c2
3
), is at the high sale given by
C = −YTνM−1R Yν . (2)
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Similarly as for the quark setor, the number of observables in the light neutrino setor
is smaller than the number of free parameters in Yν and MR. Indeed, even in the basis
in whih MR = diag(M1,M2,M3) and Ye = diag(ye, yµ, yτ ), the most general solution of
the relation (2) for Yν reads:
Y
AB
ν = iM
1/2
A
∑
C
ΩADcDU
BD
ν
∗
. (3)
A omplex orthogonal matrix Ω aounts for the six-parameter ambiguity in translating
the 3 neutrino masses and 6 parameters in Uν into the 15 parameters of the neutrino
Yukawa oupling Yν [6℄. Thus, even assuming that the elements of the mixing matrix
Uν are determined with suient auray, the preditions of the CMSSM for avour-
violating proesses in the lepton setor depend on several unknown fators: the pattern
of the light neutrino masses (hierarhial, inversely hierarhial or degenerate), the right-
hiral neutrino masses MA and on the matrix Ω. In pratie, one should also remember
that the Majorana phases in Uν may never be measured.
In a large number of papers, the preditions for the harged lepton deays have been
disussed under various spei assumptions about those unknown fators [6, 7, 8, 9, 10,
20, 21, 22, 23, 24, 25, 26, 27, 28, 29℄. In the present paper we re-examine the preditions
for the harged lepton deays of the CMSSM under two very general assumptions. We
assume the hierarhy in mass for both, left- and right-hiral neutrinos
mν1 ≪ mν2 ≤ mν3
M1 ≤M2 < M3 (4)
We take mν3 =
√
∆m2atm = 0.05 eV, mν2 =
√
∆m2
sol
= 0.008 eV and the neutrino mixing
matrix in the form:
Uν =


c12 s12 s13e
−iδ
−s12√
2
+ . . . c12√
2
+ . . . 1√
2
s12√
2
+ . . . − c12√
2
+ . . . 1√
2

 · diag(eiφ1 , eiφ2, 1) (5)
where s212 ≡ sin2 θ12 = 0.315, the dots stand for small terms ∼ O(s13) (for the sake of
deniteness we have assumed that 0 < θ23 < π/2). For the U
13
ν entry we use the two
senarios speied in Table 1. We do not assume any partiular values of the Majorana
phases φ1 and φ2, but treat them as free parameters. It is important to note that, for
hierarhial light neutrino masses, renormalization eets on the mass eigenvalues and on
the mixing angles, in partiular, are small and an be negleted (see e.g. [30, 31℄). Thus
one an use the measured Uν in (3).
It has frequently been observed that the simultaneous appearane of hierarhial light
neutrino masses and two large mixing angles is not 'natural' in the seesaw mehanism
(see e.g. [14℄). Important exeptions are so-alled sequential neutrino dominane models
with one neutrino deoupled [13, 24℄ or even absent [32, 33, 26, 34℄. Otherwise some
partiularities, as found, e.g., in models with horizontal symmetries [35, 36, 37℄, are
3
ase |U13ν | argU13ν
a) 0 −
b) 0.1 −π/2
Table 1: Seleted values of U
13
ν at the eletroweak sale used in the analysis.
neessary. This motivates our seond assumption that one singlet right-hiral neutrino,
not neessarily the heaviest one, deouples from the seesaw mehanism, in the sense that
at most one neutrino, say NA, ontributes to the mass mν1 of the lightest neutrino. As
has been explained in [38, 39℄, for Y
A2
ν /MA → 0 and YA3ν /MA → 0 the matrix Ω in (3)
has to be, depending on the index A, of one of the following three forms:
deoupling of N1 Ω =


1 0 0
0 z p
0 ∓p ±z

 (6)
deoupling of N2 Ω =

 0 z p1 0 0
0 ∓p ±z

 (7)
deoupling of N3 Ω =

 0 z p0 ±p ∓z
1 0 0

 (8)
where z2 + p2 = 1. Sine Ω2AB determines diretly the ontribution of the right-hiral
neutrino NA to the mass of the light neutrino νB [24℄, the assumption that NA eetively
deouples means that it is only NA that ontributes tomν1 , and that it does not ontribute
to mν2,3 . In the limit of strit deoupling, in whih Y
AB
ν /MA → 0 for B = 1, 2, 3, the
lightest left-hiral neutrino is massless beause, as follows from (6)-(8) and (3),
√
mν1 ∝
(YνUν)
A1/
√
MA. Of ourse, in realisti ases the zeroes in Ω are non-zero numbers ≪ 1.
The stability of the patterns (6)-(8) with respet to radiative orretions is analyzed in
the Appendix.
Another motivation for seesaw models with the light-neutrino masses dominated by
two heavy singlet neutrinos follows from the hypothesis that the osmologial inaton
eld is one of the heavy sneutrinos, N˜A, say. As has been disussed in [17℄, in order
to reprodue the measured harateristis of the CMB in suh a senario, and to agree
with the data on the osmologial struture formation, the inaton-sneutrino and its
superpartner, the right-hiral neutrino NA must have a mass MA ≃ 2 × 1013GeV. The
reheating temperature following inaton deay is
TRH ∼
√
m˜AMP
MA
〈H〉 , (9)
where
m˜A ≡
(
YνY
†
ν
)
AA
〈H〉2/MA =
3∑
B=1
|ΩAB|2mνB . (10)
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ForMA ≃ 2×1013GeV, it follows from (9) that one needs m˜A <∼ 10−17 eV in order to obtain
TRH <∼ 107 GeV [40℄. This in turn enfores a pattern in the Ω matrix with (1, 0, 0) in the
A'th row. Thus reheating temperature TRH after ination that is low enough to solve the
osmologial gravitino problem is possible in sneutrino ination senarios provided the
neutrino partner of the N˜A inaton (not neessarily the heaviest one) deouples from the
seesaw mehanism. The possibility of explaining the baryon asymmetry of the Universe
through leptogenesis following ination with the patterns (6)-(8) will be disussed in Se.
3.
The three patterns of Ω shown in (6), (7) and (8) provide distintly dierent realiza-
tions of the seesaw mehanism. However, as we explain later, they give similar preditions
for LFV deays in a large range of parameter spae. It follows that the preditions for neu-
trino masses and mixings and for LFV are invariant under ertain transformations on the
neutrino Yukawa matrix. Therefore, even with all possible data on neutrino masses and
mixings, as well as on LFV proesses that an (in priniple) be obtained experimentally,
the bottom-up approah an determine Yν only up to these transformations.
The analysis presented in this paper is based only on the general assumptions desribed
above. It is, however, worth ommenting on the link of suh a bottom-up approah to
model-dependent (top-down) studies based on spei `theories' of the neutrino Yukawa
matrix and of the masses of the heavy singlet neutrinos, based for example on texture
zeroes. One suh a theory of avour is speied in some eletroweak basis, as in [39, 26℄
for example, Ω an be read o easily from (3), by rst performing the neessary eld
rotations diagonalizing the heavy singlet neutrino mass matrix and the harged lepton
Yukawa oupling matrix. One may envisage a situation in whih the eletroweak basis in
whih the avour theory predits texture zeroes in Yν is only slightly dierent from the
basis in whih our assumptions are formulated, i.e., the matries Ye and MR are almost
diagonal. The equation (3) xes then the value of the parameter z in terms of the ratios
of some elements of Uν and of mν2/mν3. Indeed, for the pattern (6) [pattern (7), (8)℄,
Y
1A
ν [Y
2A
ν , Y
3A
ν ℄ an be negleted, and if in addition the texture gives Y
2B
ν = 0 [Y
1B
ν = 0℄
for B = 2, 3 then one obtains from (3)
± z = 1− 1
2
mν2
mν3
(
U
B2∗
ν
UB3∗ν
)2
≈ 1∓ 0.06e−2iφ2 . (11)
Similarly, if Y
3B
ν = 0 [Y
3B
ν = 0, Y
2B
ν = 0℄ for B = 2, 3 beause of texture zeroes, then
z = ±
√
mν2
mν3
U
B2∗
ν
UB3∗ν
≈ ±0.3e−iφ2 . (12)
For a diagonal matrixMR, the solutions (12) and (11) remain approximately valid if
|UABℓ | <∼
√
mℓA
mℓB
for A < B, (13)
where Uℓ is the matrix diagonalizing Y
†
eYe. The solution (11) is more sensitive to de-
partures of MR from the diagonal form than is (12). It will be useful to remember these
partiular qualitative patterns with z ≈ 0.3 or z ≈ 1 in our subsequent analysis.
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3 Impliations of Deoupling for LFV Deays
In this Setion we rst present the general bakground for alulating the branhing ratios
for the LFV deays lA → lBγ and then disuss in detail the preditions that follow from
the pattern (6) of the matrix Ω. The preditions following from the two other patterns
are similar and will require only a short disussion. For eah of the patterns we also
disuss possible senarios for leptogenesis.
3.1 General Formalism
The branhing ratios for LFV deays are well desribed by a single-mass-insertion ap-
proximation [20, 24℄:
BR(lA → lBγ) ≈ α
3
G2F
F(m0,M1/2, µ)|m˜2LAB |2 tan2 β, (14)
where F is a funtion of the soft supersymmetry-breaking masses xed at the high sale
MX . The ratio f(m0,M1/2) ≡ F(m0,M1/2)/F(100 GeV, 500 GeV) for tan β = 10 and
µ > 0 is shown Fig. 1a. The referene values m0 = 100 GeV,M1/2 = 500 GeV are
hosen for their onsisteny with the astrophysial old dark matter onstraint [41℄. In
the subsequent gures, we show preditions with the fator f(m0,M1/2) removed, and
Fig. 1a an be used to obtain the orresponding preditions for other values of m0,M1/2.
The o-diagonal entries in the slepton mass matrix m˜
2
L are generated radiatively by
the renormalization-group (RG) evolution from MX to the eletroweak sale. In the
ommonly-used approximation of using only a single reurrene in solving the relevant
RGEs, they are related to the neutrino Yukawa ouplings by
m˜
2
LAB
= κ
∑
C
(YCAν )
∗(∆t+∆ℓC)YCBν , (15)
where κ = −6m20 − 2A20, ∆t = ln(MX/M3)/16π2, ∆ℓC = ln(M3/MC)/16π2 [42℄. This
result is not very aurate, as we demonstrate in Fig. 1b, where we show the ratio of (15)
to m˜
2
LAB
as obtained by solving numerially the one-loop RGEs. Although the results
presented in this paper are based on the exat numerial integration of the RGEs with
suessive deoupling of the singlet neutrinos at the appropriate sales, we note that the
numerial result is well approximated by the following orretion to κ:
∆κ =
[
−36
5
g2(2M2
1/2 + 3m
2
0
+ A2
0
+ 2A0M1/2)
+y2t (36m
2
0
+ 24A2
0
) + (6m2
0
+ 12A2
0
)Tr(Y†νYν)
]
∆t, (16)
where the top-quark Yukawa yt and the other ouplings are taken at the sale MX . The
orretion (16) is obtained by inluding the seond reurrene in solving the RGEs. How-
ever, the approximation (15) is suient for the qualitative disussion of our results.
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Combining (15) with (3) and (4) and using one of the deoupling senarios (6)-(8), one
may obtain formulae for the deay rates BR(lA → lBγ). It is useful to disuss rst the
results obtained under the tehnial assumption that the hierarhies of neutrino masses
obey
mν3M2 < mν2M3 for pattern (6),
mν3M1 < mν2M3 for pattern (7), or (17)
mν3M1 < mν2M2 for pattern (8),
where the inequality signies a ratio of at least a fator 2 or 3. We study deviations from
(17) at the end of Subsetion 3.2. As follows from eq. (3), under these assumptions and
for generi values of the z and p parameters, the formula (15) is well approximated by the
ontribution of the produt (Y3Aν )
∗
Y
3B
ν for the strutures (6) and (7), and of the produt
(Y2Aν )
∗
Y
2B
ν for the struture (8). Nevertheless, for the sake of the future disussion, in
the formulae given below we display also the nonleading ontribution to the formula (15).
In our numerial alulation we keep, of ourse, omplete m˜
2
LAB
obtained by solving the
RGEs.
3.2 The Deoupling of N1 and LFV Deays
With the pattern (6), the mass insertion m˜
2
L32
relevant for τ → µγ reads:
m˜
2
L32
≈ κmν3M3∆t〈H〉2 × (18)[
U
33
ν U
23∗
ν
(
|z|2 + S|1− z2|
)
+RU33ν U
22∗
ν
(
Sz
√
1− z2∗ − z∗
√
1− z2
)
+
+RU32ν U
23∗
ν
(
Sz∗
√
1− z2 − z
√
1− z2∗
)
+R2U32ν U
22∗
ν
(
S|z|2 + |1− z2|
)]
,
where R =
√
mν2/mν3 ∼ 0.41 and S = M2(1+∆ℓ2/∆t)/M3 ∼M2/M3 gives the subleading
ontribution of the produt (Y2Aν )
∗
Y
2B
ν . The branhing ratio does not depend strongly on
the masses M1 and M2 and the Majorana phase φ1, as long as M1 < M2 ≪ M3, i.e., for
S ≪ 1. For the results presented below, we take M3 = 5× 1014 GeV, M2 = 3× 1013 GeV
(S ≈ 0.1) and M1 = 2 × 1013 GeV, onsistent with ination being driven by the lightest
singlet sneutrino. Our hoie of M3 makes Y
3A
ν naturally of order of unity. Moreover,
due to maximal atmospheri neutrino mixing, Re(U33ν U
22∗
ν −U32ν U23∗ν ) ∼ O(s13) and the
real parts of the seond and third term in (18) anel eah other almost ompletely. Then
it is only Im( m˜2L32) whih depends on the Majorana phase φ2, and the branhing ratio
BR(τ → µγ) ∝ |m˜2L32 |2 onsist of a sum of two positive terms: a onstant one and a term
whih osillates with φ2 as sin
2[φ2−arg (z∗
√
1− z2)]. The relative magnitude of these two
terms depends on the phase of z, and a non-zero value of U13ν adds a slight modulation
proportional to − sin(φ2 − arg (z∗
√
1− z2)).
This behaviour is learly seen in Fig. 2, whih shows BR(τ → µγ) as a funtion of
φ2 for |z|2 = 1/2, tan β = 10 and A0 = 0, for the two dierent values of the U13ν element
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speied in Table 1. As already mentioned, the values of the branhing ratio for other
values of m0 andM1/2 an be obtained by appropriate resalings that an be read o from
Fig. 1a. The dependene of BR(τ → µγ) on |z| is depited in Fig. 3. For eah value of |z|,
the maximal and minimal preditions for this branhing ratio are shown. In partiular,
the allowed range for |z|2 = 1/2 orresponds to a horizontal squeezing of Fig. 2.
At this point, it is worth summarizing the dependene of BR(τ → µγ) on the model
parameters. The dependene on |z| gives a fator that varies by 104 for |z| hanging
between 0.01 and 1.4. As an be seen in Fig. 1a, for m0 and M1/2 varying in the range
100 GeV→1 TeV, the deay rate an hange by another a fator of roughly 104. Further-
more, the dependene of (14) on tan2 β brings in also a fator of order a few to ∼ 103.
One should also remember the quadrati dependene of BR(τ → µγ) on M3. The fat
that φ2 is inaessible to experiment introdues only a small additional unertainty of the
order of fator 4.
Colleting all this information, we see that, under the present assumptions and with
the antiipated experimental sensitivity down to BR(τ → µγ) ∼ 10−9, this deay an in
the senario (6) be experimentally aessible for a large range of parameters. The question
whih part of this parameter spae an be onsistent with the present experimental bound
BR(µ→ eγ) < 1.2×10−11 is onsidered below. It is however worth noting that, assuming
that the soft masses and tan β an be determined by other measurements with suient
preision, the measurement of this deay would, owing to the strong dependene on |z|:
BR(τ → µγ) ∝ |z|4, provide a relatively narrow range of |z| for xed masses of the heavy
singlet neutrinos.
The quantities m˜
2
L21
relevant for µ → eγ and m˜2L31 relevant for τ → eγ an be
approximated by:
m˜
2
LA1
≈ κmν3M3∆t〈H〉2
[
RUA3ν U
12∗
ν
(
Sz
√
1− z2∗ − z∗
√
1− z2
)
+R2UA2ν U
12∗
ν
(
S|z|2 + |1− z2|
)
+UA3ν U
13∗
ν
(
|z|2 + S|1− z2|
)]
, (19)
where we have dropped the terms suppressed by both U
13
ν and R. For the sake of qual-
itative disussion, the third term an always be negleted (for U
13
ν 6= 0, this is a good
approximation provided |1−z2| is not too lose to zero). For BR(µ→ eγ), the fators de-
pending on the neutrino masses and mixing in the rst two terms in (19) an be estimated
as:
R|U23ν U12ν | ∼ 0.16 R2|U22ν U12ν | ∼ 0.05, (20)
whose ratio is 3.1 ± 0.5. For S ≪ 1 the relative phase between the rst two terms in
(19) is φ2 − arg (z∗
√
1− z2) + π. This is learly seen in Figs. 4a and 4b, where we show
BR(µ→ eγ)/f(m0,M1/2) as a funtion of the Majorana phase φ2 for |z| = 1/
√
2 and three
representative values of arg z. The strength of the φ2-dependent interferene pattern seen
in Fig. 4 varies with the values of |z| and arg z. In partiular, it dereases both for |z| → 0
and |z| ≫ 1, where the seond term in (19) dominates over the rst one. Comparison of
Fig. 4a with 4b shows that a non-zero value of U
13
ν enhanes the interferene pattern but
does not hange it qualitatively.
8
The dependene of BR(µ→ eγ) on the other parameters is similar to that of BR(τ →
µγ). In Fig. 5 we show BR(µ→ eγ) as a funtion of |z| for the same values of the other
parameters as we used in Fig. 3 for BR(τ → µγ). The omparison of Figs. 1 and 5
shows that, exept for two speial points at |z| ∼ 0.3 and |z| ∼ 1, the branhing ratio of
the deay µ → eγ for f(m0,M1/2) >∼ 1 and tan β >∼ 10 is above the experimental upper
bound 1.2 × 10−11. The minimum of BR(µ → eγ) at |z| ∼ 0.3 is due to the destrutive
interferene of the rst two terms in (19): for S ≪ 1 they are of equal magnitude just
for |z| ∼ 0.3, and for any value of arg z the Majorana phase φ2 an be hosen so that
these two terms approximately anel eah other. The minima for |z| ∼ 1 are instead
aused by the simultaneous vanishing of the two rst terms in the limit S = 0. Therefore
they appear only for arg z ≈ 0 and π. For U13ν = 0 the non-zero value of BR(µ → eγ)
at the single minimum seen in Fig. 5a is due to S 6= 0 in the seond term in (19); for
U
13
ν 6= 0 (Fig. 5b) there are two minima whose position is determined by the anellation
of the rst and third terms in (19), whih holds for z ≈ ±(1− 1
2
α exp(2i(δ − φ2)), where
α = |U13∗ν /RU12∗ν | ≈ 1/5, i.e. for |z| ≈ 1− 12α cos(2(δ−φ2)). The minima of BR(µ→ eγ)
our at the values of z orresponding to the texture zeroes (11) and (12). This is obvious
for Y
3A
ν = 0, sine BR(lA → lBγ) ∝ |Y3A∗ν Y3Bν |2, but it is a non-trivial result for Y22ν = 0,
whih follows from the struture of the masses and mixings of the light neutrinos.
As follows from Fig. 1, for BR(µ→ eγ) to be onsistent with the experimental bound
in a larger range of |z| values, the gaugino mass M1/2 at the high sale should be bigger
than 500 GeV and/or M3 signiantly smaller than 5 × 1014 GeV. On the other hand,
M1/2 >∼ 500 GeV orresponds to third-generation masses above 1 TeV at the eletroweak
sale, whih begins to onit with the naturalness requirement. This onit beomes
even sharper for higher values of tanβ. This disussion suggests that, if Ω is of the form
(6), the rate of µ→ eγ deay should be lose to the present experimental bound.
At this point, we an also address the question whether the present experimental bound
BR(µ → eγ) < 1.2 × 10−11 allows for BR(τ → µγ) ≥ 10−9. This an best be disussed
by studying the preditions for the ratio BR(µ→ eγ)/BR(τ → µγ), whih depends only
on z and φ2, as the dependene on the soft supersymmetry-breaking parameters, tan β
and M3 anel out. Furthermore, sine BR(τ → µγ) is a monotoni funtion of |z| and
an be hanged by a fator of 10 at most by hanging the Majorana phase φ2, the minima
of the ratio BR(µ → eγ)/BR(τ → µγ) follow the minima of BR(µ → eγ). Maximal
and minimal possible values of BR(µ→ eγ)/BR(τ → µγ) obtained by varying φ2 in the
range (0, 2π) are shown in Fig. 6 as a funtion of |z| for three dierent values of arg z.
As seen in Fig. 6, generially BR(µ→ eγ)/BR(τ → µγ) ∼ 0.1 to 1, that is BR(τ →
µγ) <∼ 10−10 for BR(µ → eγ) <∼ 10−11. However, there are exeptions to this rule in a
few isolated regions orresponding to the minima of BR(µ → eγ) seen in Fig. 5. This
means that observation of τ → µγ at a rate >∼ 109 in future experiments would be a strong
onstraint for top-down models of neutrino masses and mixings.
Finally, we briey onsider the deay τ → eγ. The dependenes of the preditions for
BR(τ → eγ) on the soft mass parameters z and φ2 are similar to those of BR(µ → eγ).
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However, sine the relative phase between U
22
ν and U
32
ν approximately equals π, for the
value of φ2 for whih BR(µ→ eγ) is minimized BR(τ → eγ) is maximal and vie versa,
as shown in Fig. 7. The dependene of BR(τ → eγ)/BR(τ → µγ) is depited in Fig. 8.
We have presented preditions obtained under the supplementary assumption (17).
However, forM2 lose enough toM3 but still reasonably smaller, the rst ondition (17) is
no longer satised. It is therefore worthwhile to hek the behaviour of the preditions for
the deays rates whenM2 approahesM3. In partiular, one may wonder whether the deep
minima in BR(µ → eγ) at |z| ∼ 0.3 and |z| ∼ 1 are lled in by additional ontributions
to (15) oming from the produt (Y2Aν )
∗
Y
2B
ν , whih may now be non-negligible. This is
shown in Fig. 9. The two minima persist even for relatively large values of the mass ratio,
M2/M3 <∼ 0.4 for U13ν = 0 and M2/M3 <∼ 0.25 for |U13ν | = 0.1, but the rst minimum shifts
to slightly higher values of |z| for larger values of M2/M3.
In this Setion we have disussed the results for BR(lA → lBγ) obtained under the
hypothesis that the lightest right-hiral neutrino deouples from the seesaw mehanism.
To a very good approximation, these results do not depend on the massM1. The partiular
valueM1 = 2×1013 GeV, is ompatible with ination driven by the lightest sneutrino. As
analyzed in [17℄, suesful nonthermal leptogenesis with low reheating temperature an
then our. This is beause for the zeroes in (6) representing small omplex numbers it is
easy to obtain values of the CP asymmetry parameter ǫ1 saturating the Davidson-Ibarra
upper bound [43℄
1
.
For any other value, M1 6= 2×1013 GeV but still with the pattern (6), some other eld
must be responsible for ination. Disregarding the osmologial gravitino problem, one
may then ontemplate the possibility of onventional thermal leptogenesis. It turns out
that, with zeroes in (6) representing small omplex numbers, leptogenesis an be realized
for TRH >∼ 109 GeV [5, 45℄. In both ases, the nal lepton number asymmetry does not
depend on the parameter z of the Ω matrix. The possibility of lowering the reheating
temperature neessary for the thermal leptogenesis in a senario with degenerate neutrinos
N1 (deoupled) and N2 (not deoupled) remains an open question for the pattern (6).
3.3 LFV deays and the deoupling of N2 or N3.
The preditions for the LFV deays with the deoupling of N2 [pattern (7)℄ or N3 [pattern
(8)℄ are easy to disuss if one remembers that m˜
2
LAB
in eq. (15) is dominated by the
ontribution of the produt (Y3Aν )
∗
Y
3B
ν or (Y
2A
ν )
∗
Y
2B
ν , respetively. This means that in
the ase (7) the preditions for the deay rates are the same as for pattern (6), for the same
values of Y
3A
ν and if in both ases the subleading ontributions to m˜
2
LAB
are negligible
2
.
For the deoupling of N3, the preditions are the same as for the deoupling of N1 if we
1
However, for moderately hierarhial heavy neutrino masses it is possible to obtain larger values of
the CP asymmetry than the abovementioned bound [44℄.
2
Preditions in the two patterns are the same inluding the subleading eets if the Y
1A
ν in the ase
(7) are numerially equal to the Y
2A
ν in the ase (6).
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hange Y
3A
ν → Y2Aν and keep the numerial values unhanged. At this point, it is worth
realling equation (3):
Y
3A
ν = iM
1/2
3
(
Ω31c1U
A1∗
ν +Ω32c2U
A2∗
ν +Ω33c3U
A3∗
ν
)
Y
2A
ν = iM
1/2
2
(
Ω21c1U
A1∗
ν +Ω22c2U
A2∗
ν +Ω23c3U
A3∗
ν
)
(21)
We see that the preditions following from deoupling of N1 and N2 are, to a good ap-
proximation, idential for the same values ofM3. In partiular, the mass of the deoupled
neutrino an be kept at 2 × 1013 GeV (for sneutrino ination) 3. Deoupling of N3 leads
to the same LFV deay rates as deoupling of N1 for M2 replaed by a numerially equal
M3. Moreover, with M3 = 2× 1013GeV the dominant ontribution to Y2Aν in (21) omes
from M2 < M3. So the BR(lA → lBγ) disussed in Setion 3 are resaled by the ratio
M2
2
/M2
3
. Sine, for (6), M3 ≫ 2× 1013GeV and, for (8), M2 ≪ M3 = 2 × 1013GeV, the
preditions for the deay rates are strongly suppressed in the latter ase. We onlude
that, if the heaviest right-hiral neutrino is the inaton, the deays lA → lBγ are unlikely
to be observed experimentally.
Let us now onsider the possible types of leptogenesis with N2 or N3 deoupled. In
nonthermal leptogenesis following sneutrino-driven ination [17℄, the nal lepton asymme-
try is generated diretly in the deay of the vauum ondensate of the sneutrino-inaton
eld N˜2 or N˜3. Sine the nal lepton-number-to-entropy ratio YL generated in this way
is given by:
YL =
3
4
ǫA
TRH
Minfl
, (22)
a low reheating temperature TRH <∼ 107 GeV and Minfl = 2 × 1013 GeV require the CP
asymmetry parameters ǫ2 or ǫ3, respetively, to assume values of the order of ǫref/10,
where ǫref =
3Minflmν3
8π〈H〉2 ∼ 4× 10−3 (for N˜1-driven ination ǫref is the same as the Davidson-
Ibarra bound on ǫ1 [43℄). In Table 2 we display the one-loop ontributions to ǫA/ǫrefηAE
from the individual virtual states NE (and N˜E) [46℄, where
ηAE =
∣∣∣∣∣
∑
Dm
2
νD
Im [(ΩADΩ
∗
ED)
2]
mν3
∑
C mνc|ΩAD|2
∣∣∣∣∣ ≤
∑
D
mνD
mν3
|ΩED|2 (23)
For the pattern (7), only the ontribution from N1 is suppressed by the small value of
(M1/M2)
2
, whereas for the pattern (8) all the ontributions are small. This suppression
an only be overome if ηAE, that is some |ΩED|2, are large, whih, realling the interpre-
tation of Ω as the dominane matrix, means some ne-tuning in the seesaw mehanism.
This an be seen in Figure 10, where we show in the form of a satter plot the CP asym-
metries ǫ2 and ǫ3 generated in the diret deays of the sneutrino-inaton N˜2 [N˜3℄, relevant
for the patterns (7) [(8)℄, respetively, as funtions of the parameter p =
√
1− z2 of the
Ω matrix. We have hosen arg p = π/4 and argΩB2 = argΩB3 = π/4 for B = 2, 3 and
sanned over |ΩB2| and |ΩB3| in the range 10−3−10−1 with a uniform distribution over the
3
With the exeption that, in the ase (7), subleading eets may beome important only at the expense
of lowering M3, i.e., when the LFV deay rates are suppressed.
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pattern (7) pattern (8)
E = 1
2M2
1
3M2
2
(
1 + ln M1
M2
)
2M2
1
3M2
3
(
1 + ln M1
M3
)
E = 2 −−− 2M22
3M2
3
(
1 + ln M2
M3
)
E = 3 1 −−−
Table 2: Estimated maximal ontributions to |ǫ2/ǫrefη2E | for the pattern (7) and to
|ǫ3/ǫrefη3E | for the pattern (8), due to virtual NE exhange in the loop (see the text for
explanation).
logarithmi sale. It is lear from Figures 10a and 10b that, whilst the Davidson-Ibarra
bound [43℄ an be saturated for the pattern (7) with |z|, |p| <∼ 1, for the pattern (8) this
is possible only for |z|, |p| >∼ 3 and, hene, requires ne tuning in the seesaw mehanism.
Finally, we an abandon the hypothesis of sneutrino-driven ination and onsider more
onventional thermal leptogenesis with the patterns (7) and (8). The masses of all the
three right-hiral neutrinos, inluding the deoupled one, an be then arbitrary. If they
are split suiently for the nal lepton number asymmetry to be generated entirely in the
deays of the lightest right-hiral neutrino, the only relevant CP asymmetry parameter is
ǫ1, whih in both ases (7) and (8), takes the form
ǫ1 ≈ − 3M1
8π〈H〉2
Im(z2)
(
m2ν3 −m2ν2
)
|z|2mν2 + |1− z2|mν3
(24)
The important wash-out parameter m˜1 then reads
m˜1 ≈
(
|z|2mν2 + |1− z2|mν3
)
. (25)
The basi onsequenes of (24) and (25) were explored in [38℄.
4
It was found that, beause
m˜1 is bounded from below bymν2 and not bymν1 , the wash-out proesses are very eient
and suessful leptogenesis requires ompensation by a large ǫ1, i.e., large M1. For the
patterns (7) and (8), with M1 = 10
11
GeV and M1 = 5 × 1011 GeV, regions of the plane
(|z|, arg z) leading to suessful thermal leptogenesis are shown in Fig. 11 5. The two
panels of Fig. 11 orrespond to the two ases speied in Table 1. Contours of onstant
BR(µ→ eγ) minimized with respet to φ2 are also shown. As an be seen, regions of the
(|z|, arg z) plane where the thermal leptogenesis reprodues the observed baryon number
asymmetry of the Universe and regions where the experimental bound on BR(µ → eγ)
an be respeted overlap with eah other. However, sine TRH >∼ M1 >∼ 1011 GeV for this
mehanism to work, the osmologial gravitino problem has to solved in some other way,
perhaps by the gravitino being the lightest supersymmetri partile [47℄ (see, however,
[41℄).
4
In [38℄ only the deoupling of the heaviest right-hiral neutrino, i.e., the pattern (8), was onsidered
expliitly. However, it is lear that these results apply to the pattern (7) as well.
5
Reent advanes in the alulation of the lepton number asymmetry [45℄ have been inluded.
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As has been disussed in [38, 48, 49, 50, 51, 52℄, for the pattern (8) TRH <∼ 106 GeV
an be obtained if N1 and N2 are tightly degenerate, with 1−M1/M2 <∼ 10−5. In this ase,
however, sine N3 is deoupled and M2 <∼ 106 GeV, branhing ratios BR(li → ljγ) are
∼ 10−18, too small to be aessible to urrent experiments. For the pattern (7), one of the
two degenerate neutrinos would be the deoupled one, and to obtain suesful leptogenesis
with TRH <∼ 106 GeV one would probably need the degeneray of all the three right-hiral
neutrinos. In this ase the LFV deays would again be inaessible.
4 Conlusions
We have alulated the branhing ratios for the deays lA → lBγ in the MSSM under the
assumption that the masses of both the light and heavy singlet neutrinos are hierarhial,
and that one singlet neutrino (not neessarily the heaviest one) deouples from the seesaw
mehanism. For eah of the three possible realizations of the deoupling hypothesis we
have also disussed possible leptogenesis senarios.
The preditions for BR(lA → lBγ) do not depend on whih neutrino deouples. To
a very good approximation they depend on only one non-deoupled neutrino mass, the
heavier one. Apart from the dependene on the soft mass terms and on tanβ, parame-
ters that will hopefully be measured in other experiments, the branhing ratios depend
strongly on just one omplex parameter z, whih xes all the relevant Yukawa ouplings.
Consequently, our two assumptions lead to relatively rigid preditions for the deay rates.
For m0,M1/2 <∼ 1TeV and MA >∼ 1013GeV, the deay rate for µ → eγ is predited to
be lose to the present experimental bound 1.2 × 10−11, namely BR(µ → eγ) >∼ 10−14.
However, for BR(µ → eγ) < 1.2× 10−11, the deay rate for τ → µγ is generially below
the antiipated experimental sensitivity 10−9, exept for some speial values of |z|. The
ratios BR(µ→ eγ)/BR(τ → µγ) and BR(τ → eγ)/BR(τ → µγ) depend on z only, with
the dependenes on the other parameters anelling out. These ratios would therefore be
partiularly interesting to ompare with experiment.
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Appendix - Stability of the Ω patterns
In bottom-up evolution, the Yukawa ouplings Y
1B
ν , Y
2B
ν and Y
3B
ν enter into the RGEs
for the soft slepton masses at the sales M1, M2 and M3, respetively. We see from (3)
that they are expressed at these respetive sales in terms of the matrix Ω, whih is
taken to have one of the sale-independent forms (6)-(8). However, one the Y
1B
ν (say) is
xed by (3) in terms of Ω at the sale M1, their sale dependenes are ontrolled by the
appropriate RGEs, and at the sale M2 they do not satisfy the relation (3) with sale-
independent Ω. Thus, xing Y
2B
ν at M2 from (3) with a sale-independent orthogonal
matrix Ω is not a fully onsistent proedure, as it distorts the relations between Y
1B
ν and
Y
2B
ν whih follow from the assumption that, e.g., with (6) Y
1B
ν /M1 → 0 for B = 2, 3.
We an get some ontrol over the quality of this approximation in the following way.
Suppose that all three right-hiral neutrinos are integrated out at a sale Q0 hosen in
suh a way that the threshold orretions to the relation (2) vanish. It is easy to verify
that in a one-loop approximationM1 < Q0 < M3. We denote by C0 the value at Q0 of the
oeient of the dimension-ve operator O5 = −CAB(LAH)(LBH)/2 related to C(MZ)
diretly by the RGEs of the MSSM derived in [53℄. At the sale Q0, we an use (3) to x
the Yukawa ouplings in terms of Ω(z) given by one of the three patterns (6)-(8). One
Yν(Q0) is determined by Ω, the RGEs for Yν , MA and mνB an be used to alulate
these quantities at any other sale M1 < Q < MGUT. Indeed, one an obviously dene
the running of the oeient of the O5 operator also for Q 6= Q0, beause this operator
ould be added to the initial Lagrangian with right-hiral neutrinos present. Above Q0,
the RGE for C is
d
dt
C = −KC−
[
(Y†eYe)
T + (Y†νYν)
T
]
C−C
[
(Y†eYe) + (Y
†
νYν)
]
, (26)
where K = −6g2
2
− 2g2y + 2Tr(3Y†uYu +Y†νYν). By evolving C to an arbitrary sale Q
by using the RGE (26) with C0 as the initial ondition at Q0
6
one an use (3) to dene
Ω˜AB at any sale Q 6= Q0 by the formula
Ω˜AB = − i√
MA
(ORYνUν)
AB 1
cB
, (27)
where Uν diagonalizes C at Q, and OR is the unitary matrix diagonalizingMR at Q. The
question of onsisteny is now how muh Ω˜AB diers from ΩAB. In partiular, Ω˜AB(Q)
dened in this way needs not be orthogonal, beause in generalC(Q) would be numerially
dierent from Y
T
νM
−1
R Yν at the same sale.
However, it is easy to see that in supersymmetry Ω˜AB(Q) dened in this way is
orthogonal beause the RGE (26) is exatly the same as the RGE of the ombination
Y
T
νM
−1
R Yν , as obtained by using the hain dierentiation rule and the RGEs of Yν
6
For hierarhial light neutrino masses, the renormalization eets between the sale MZ and Q0 on
the mass eigenvalues and, in partiular, on the mixing matrix Uν are small, and C0 an be identied
with U
∗
νdiag(mν1 ,mν2 ,mν3)U
†
ν at the eletroweak sale.
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and MR given, e.g., in [31℄. This is beause, in supersymmetry, the Yukawa ouplings,
the right-hiral neutrino mass term and the dimension-ve operator are all F terms.
Therefore, due to the non-renormalization theorems, the RG running of their oeients
are entirely given by the wave funtion renormalization of the (super)elds out of whih
they are built. It then follows that renormalization of the NA (super)elds, whih does
not enter the running of C, also anels out in the expression for the RGE for Y
T
νM
−1
R Yν.
The RGE for Ω˜ an be then obtained by simply dierentiating the formula (27), using
the known RGEs forUν and cB [30, 31℄, the RGE forYν (see, e.g., the Appendix of [31℄
7
)
and the RGEs for MA and OR obtained by applying the tehnique of [54, 30, 31℄ to the
RGE for MR derived in [55℄. One then gets
d
dt
MA = 4MA
[
O
†
R(YνY
†
ν)
T
OR
]AA
d
dt
O
AB
R =
∑
C
O
AC
R ε
CB
O (28)
where ε†O = −εO, εAAO = 0 and
εABO = −2
MA +MB
MA −MBRe
[
O
†
R(YνY
†
ν)
T
OR
]AB − 2iMA −MB
MA +MB
Im
[
O
†
R(YνY
†
ν)
T
OR
]AB
(29)
for A 6= B. Combining all the elements, one gets
d
dt
Ω˜AB = 2
MA
〈H〉2
∑
D 6=A
∑
C
[
MDmνC
(MD −MA)Re
(
Ω˜ACΩ˜
∗
DC
)
+ i
MDmνC
(MD +MA)
Im
(
Ω˜ACΩ˜
∗
DC
)]
Ω˜DB
+2
mνB
〈H〉2
∑
C 6=B
∑
D
Ω˜AC
[
mνCMD
(mνB −mνC)
Re
(
Ω˜
∗
DCΩ˜DB
)
+ i
mνCMD
(mνB +mνC )
Im
(
Ω˜
∗
DCΩ˜DB
)]
+2
∑
C 6=B
∑
D
Ω˜ACy
2
eD
[ √
mνBmνC
mνB −mνC
Re
(
U
DC∗
ν U
DB
ν
)
+ i
√
mνBmνC
mνB +mνC
Im
(
U
DC∗
ν U
DB
ν
)]
(30)
where the y2eA are the eigenvalues of Y
†
eYe.
For non-degenerate heavy neutrinos, it is easy to see that for indies AB orresponding
to the small entries of Ω˜ in a given pattern (e.g., Ω1A andΩA1 with A = 2, 3 for the pattern
(6)), the rst two lines are small ompared to 1 beause they are always suppressed by the
mass of the lightest left-hiral neutrino mν1 . The only potentially dangerous ontribution
omes from Ω˜AC = 1 in the last line. But this would require that C = 1, and this term is
suppressed at least by a fator ∼
√
mν1/mνAy
2
τ , whih is also small ompared to 1. Hene,
for the patterns (6)-(8) Ω˜ ≈ Ω independently of the hoie of Q0, if the heavy neutrinos
are not degenerate.
Stability of the patterns (6)-(8) may be more problemati for arbitrarily tight degen-
eray of the right-hiral neutrinos. One may, however, ask whether the pattern (8) is
7
In the expression (B.12) of this referene the fator of 3 should multiply Y
†
νYν instead of Y
†
eYe.
15
destabilized by the minimal degeneray of M1 and M2 allowing for suesful leptogenesis
withM1 <∼ 107 GeV [51, 38℄. To make this estimate, we reall that with degenerateM1 and
M2 the nal lepton number asymmetry is roughly the same as would be obtained from
deays of only one heavy neutrino having the eetive mass M eff1 = M1/(M2/M1−1). For
the pattern (8), deays of a single neutrino produe the right lepton number asymetry if
its mass is
>∼ 1012 GeV [38℄. Therefore, with the degeneray we also need M eff1 >∼ 10
12
GeV.
Consider now the ontribution of the rst line of (30) to the derivative of the small el-
ement ΩB1, B = 1, 2. The most dangerous ontribution for A = 1 omes from C = 3
and D = 2. It is of order (M1/〈H〉2)(M2mν3/(M2 −M1) ∼ (M eff1 mν3/〈H〉2) × Ω21 ≪ 1.
Similarly the (nonresonant) ontribution of D = 3 is suppressed by small Ω33. Therefore
the pattern (8) is not destabilized in this ase, either.
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Figure 1: Left panel: f(m0,M1/2) ≡ F(m0,M1/2)/F(100GeV, 500GeV) as a funtion
of M1/2 for tanβ = 10 and µ > 0. The normalization is suh that f(m0,M1/2) = 1
for m0 = 100 GeV, M1/2 = 500 GeV, onsistent with the dark matter onstraints [41℄.
Right panel: The ratio of m˜
2
L32
(full) obtained by numerial integration of the full set of the
RGEs to m˜
2
L32(approx.) obtained with the use of the formula (15) as a funtion of M1/2
for tanβ = 10 and A0 = 0.
Figure 2: BR(τ → µγ)/f(m0,M1/2) as a funtion of φ2 for the hoie of the remaining
phases desribed in Table 1, |z| = 1/√2, tan β = 10 and A0 = 0. Dotted, dashed and solid
lines orrespond to arg z = 0, π/4, π/2, respetively.
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Figure 3: Extremal values of BR(τ → µγ)/f(m0,M1/2) as a funtion of |z| for the hoie
of the parameters desribed in Table 1, tanβ = 10 and A0 = 0. Dotted, dashed and solid
lines orrespond to arg z = 0, π/4, π/2, respetively.
Figure 4: BR(µ → eγ)/f(m0,M1/2) as a funtion of φ2 for the hoie of the remaining
phases desribed in Table 1, |z| = 1/√2, tan β = 10 and A0 = 0. Dotted, dashed and solid
lines orrespond to arg z = 0, π/4 and π/2, respetively.
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Figure 5: Extremal values of BR(µ→ eγ)/f(m0,M1/2) as a funtion of |z| for the hoie
of the parameters desribed in Table 1, tanβ = 10 and A0 = 0. Dotted, dashed and solid
lines orrespond to arg z = 0, π/4 and π/2, respetively.
Figure 6: Extremal values of BR(µ → eγ)/BR(τ → µγ) as a funtion of |z| for the
hoie of the parameters desribed in Table 1. Dotted, dashed and solid lines orrespond
to arg z = 0, π/4 and π/2, respetively.
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Figure 7: BR(τ → eγ) as a funtion of φ2 for the hoie of the remaining phases desribed
in Table 1, |z| = 1/√2, tanβ = 10 and A0 = 0. Dotted, dashed and solid lines orrespond
to arg z = 0, π/4 and π/2, respetively.
Figure 8: The extremal values of BR(τ → eγ)/BR(τ → µγ) as a funtion of |z| for the
hoie of the parameters desribed in Table 1, tan β = 10 and A0 = 0. Dotted, dashed and
solid lines orrespond to arg z = 0, π/4 and π/2, respetively.
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Figure 9: Contour plot of BR(µ → eγ)/f(m0,M1/2) minimized with respet to the vari-
ation of φ2 as a funtion of |z| and M2/M3 for the hoie of the parameters desribed in
Table 1, tan β = 10, A0 = 0 and arg z = 0.
Figure 10: The CP asymmetries generated in the deays of the sneutrino-inaton for the
pattern (7) (left panel) and (8) (right panel). Details of the sanning proedure are given
in the text.
24
Figure 11: Minimal values of BR(µ→ eγ)/f(m0,M1/2) for tan β = 10 and A0 = 0. The
dark ring is the region of z in the omplex plane for whih leptogenesis is suessful for
M1 = 10
11
GeV. The larger ring bounded by thin solid lines show how this region hanges
for M1 = 5× 1011 GeV.
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